Optical parameters (absorption coefficient k, infinite reflectance R ., scattering coefficient s) are tabulated for seven wavelengths and analyzed for statistical differences for 30 plant species. The wavelengths are: 550 nm
mesophyll) sorghum and corn leaves. Infinite reflectance was negatively correlated with leaf thickness (-0.734**).
Thick, complex dorsiventral leaves (crinum, oleander, privet, rubber plant, sedum) had higher (p 0.01) k values than thinner, less complex dorsiventral leaves (i.e., soybean, rose, peach) or essentially centric sorghum, sugarcane, and corn leaves. A coefficient of 0.718** was obtained for the correla. tion of k values with leaf thickness values.
Complex dorsiventral oleander, orange, and crinum leaves had higher (p 0.01) s values than less complex dorsiventral (i.e., onion, begonia, banana) or centric leaves (i.e., corn and sugarcane). The scattering coefficient was not correlated with leaf thickness.
Reflectance and transmittance of a plant leaf have been explained on the basis of critical reflection of light at the cell wall-air interface of the spongy mesophyll tissue (22) . A hypothesis has been advanced that leaf reflectance derives from the diffuse characteristics of plant cell walls (19) . Light reflectance from a leaf is generally reduced over all wavelengths when the leaf is infiltrated with water (14, 16) or with an oil mixture (23) . Most of the reflectance, therefore, originates internally and is reduced when the cell wall-air interfaces are eliminated. Reflectance at 680 and 1950 nm is relatively unchanged by infiltrations, however, so most of it must originate from the 'This study was Agricultural Research Service, United States Department of cuticle or surface of the leaf. The structure of light beams reflected from plant leaves has also been studied (17) .
Near infrared light reflectance (750-1350 nm) usually increases with an increase in number of intercellular air spaces (7, 8) because light is scattered in passing from hydrated cell walls with a refractive index of 1.47 (23) to intercellular air with a refractive index of 1.0. For example, maturation of a cotton leaf is characterized by development of intercellular air spaces in the mesophyll; consequently light reflectance increases and light transmittance of the leaf decreases (8) . Internal refractive index discontinuities other than air-cell interfaces are responsible for some of the near infrared light reflected by a leaf (6, 19, 23) .
Diffuse reflectance and transmittance of a compact leaf such as corn, a leaf impregnated with water, and an immature cotton leaf immediately after it unfolds (9) can be predicted from a plate theory (4) . Generalization of the plate theory (flat plate model) to include the effect of intercellular air spaces (4) leads to the concept of void area index of a leaf. When a leaf is regarded as a pile of N compact layers separated by infinitesimal air spaces, the VAI2 is given as N-1. The VAI of a compact leaf is zero. The VAI is roughly the average number of air spaces penetrated by a ray passing through the leaf. Parameters that emerge from the flat plate theory (1, 13) include a measure of the water and air in the leaf and the effective index of refraction n and absorption coefficient k (3-5, 8, 9) . The effective index of refraction of a typical leaf is not inconsistent with the refractive index of epicuticular wax. The effective absorption coefficient of a typical leaf is a superposition of the absorption coefficients of chlorophyll and pure liquid water. The plate model of a leaf is used to determine moisture content from reflectance and transmittance measurements. The absorption of a compact leaf can be simulated closely over the 1350-to 2500-nm wavelength interval by absorption of an equivalent water thickness.
Reflectance against a soil background increases as number of leaf layers in the plant canopy increases until a stable value of reflectance called infinite reflectance R.3 is attained (1). In the visible and in the 1500-to 2500-nm WLI, R,. is reached when plants reach a leaf area index (LAI) of 2. Leaf area index is the cumulative one-sided leaf area per unit ground area measured from the canopy top to a plane at a given distance above ground (15) . In the 750-to 1350-nm WLI, a LAI of about 8 is required to reach R. because of the transparency of the leaves (4). Infinite reflectance can be calculated if the reflectance and transmittance of a single leaf are known.
The experimental and theoretical spectral reflectance and transmittance from two, four, six, and eight stacked leaves have been presented (1, 15 (3) ca = (1 + r2 t t2 + A)j,2r (4) b = (I -r2 + t2 +A),/2t (5) R. = infinite reflectance, t = transmittance, k = absorption coefficient, a = optical constant, s = scattering coefficient, b = optical constant, r = reflectance. The quantity A\ is defined by the relation A2 =0 + r + t)(l + r-t)(l -r + t)(l -r-t) (6) The quantities a and b (equations 4 Variance analysis and Tukey's w procedure (20) were used on the spectrophotometric data for the selected wavelengths at 550-, 650-, 850-, 1450-, 1650-, 1950-, and 2200-nm wavelengths.
RESULTS AND DISCUSSION Leaf Thickness and Water Content. Table II gives leaf thicknesses and water contents for 29 plant species (data unavailable for wheat). Table II Infinite Reflectance R.,. 
